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T„  woKKdi-  ( .roiii.irtic  I't  .il  (.j,  iH,  ii|i  stiiiiiihii<‘d 

n-in'\\<-(l  interc't  in  tlic  role  of  tlif  cxtriiccllnlar  prcnlnrix 
I  )l  liiit  •iitti.hh  i\  ill  the  p.itliiii'rnrsis  nl  the  (lisciisr 
I'.iiiM'd  l>\  this  orn.iiiisiii  In  i (p, }  Sniitli  ,ind  Krppiclio' 
rcpniti’d  du-  ])r<‘Sfiui'  ol  ,i  spccilic  loxin  in  the  pl;i''niii  ol 
yuiiH'.i  pii;s<l\inu  Ironi  .intlinix  I ntr;idiTin:il  iiijcctijin  of 
pl.i'-in.i  Iniin  iIicm-  .niiin.ils  intt)  otluT  i>nin<M  piu'^  or 
r.il>lms  iMiisfd  fiii'iiMtons  IcNions  in  llic  skin,  intr.i\<-iioiir> 
III  inir.ipi'i'iionr.il  injirtion  into  inirr  and  I'liinixi  pit's 
rr'iilii'd  in  dr.iili  Snl)Sf(|iirntK .  it  was  dcinoidtrafrd 
tli.it  ni.iirri.il  witli  similar  liiolot'ic.il  a('ti\it\  is  jirodiifctl 
III  vitro  liv  lioili  virnlriit  ,ind  .ivinilrnt  strain'  ol  It 
/I d  l  or  drtailrd  inforin.it ion  on  tlir  drvrlopinrnt  ol 
I  nririil  knowlrd!.;r  ol  .intlirax  toxin  .ind  the  fliar.n  tcri/.i 
tion  ol  its  tliri  r  rri  oi’iiii'rd  roinpoiirnis,  tlir  rratlrr  is 
irirrrrd  to  ilir  work  ol  'sniitli  .ind  roworkrrs  Do  i.}i, 

I  liot  nr  and  .issik  i.iirs  i  i  17'  and  Rr.ill  rt  al  (  1  ' 

>onir  (ontiision  li.is  .iri'rn  Iroin  tlir  nsr  ol  tlillrrmt 

I . .  .  li\  Hritisli  ,iiid  .\mrrir.iii  .nitliors  I'or  what 

.ippr.ir  lo  lie  idnitii.il  in.itrrial'  In  this  disnissioii  wr 
'h.ill  lollow  tlir  rrrr lit  siiititrst ion  ol  Dr  I  larrv  Sinitli  and 
ii'i-  ,1  roniliin.ilton  ol  tlir  two  I  lir  roinponrnt  wliirh  is 
•  ■"riiti.il  lor  drinonstr.ition  ol  tlir  rdrin.i  piXKliirint; 
.n  tivilv  ol  loxiii.  I  .ilird  rdriii.i  l.irtor  l|•.l■''  In  .XnirricMii 
workri's  .111(1  I'.iclor  I  In  the  Rriti'li  will  hr  dr'it«natrd 

I. 1  I  I  hr  srmnd,  .ipp.irrntK  idrntiral  with  the  iin 
nioni/intt  protrrtur  .intn.'rn.  r. tiled  rithrr  l’.\  or  I'.ictor 

II.  rr'|>rrti\ rl\ .  Will  hrronir  I’.X  II  Siinil.irK .  the  third 
loiiiponrnt,  nri  ••".ha  lor  ihr  Irth.il  rllrcl  ol  tin  toxin, 
w  ill  hr  rrirrrrd  lo  .1'  1 .1  III 

lot  driinilivr  stndirs  on  the  iniKir  ol  .tclion  ol  the 
toxin  l.irttr  iin.intilir'  ol  roiK cnir.itrd  .ind  hiuhlx  pnritird 
iii.iiiri.il  .irr  rri|nirrd  Idrallv,  whole  rnluirr  lilirairs 
wiihoni  prior  Ir.ii  lion.ition  should  hr  used  .is  si.irtiiit; 

III.  lien. il  l.ittir  Is  known  ol  the  plnsn.il  .md  chrinir.il 
pldprllic'  ol  the  hloloitK  ,lllv  .U  llVr  ni.llrl'l.ll  .1'  orilli 
ii.ilK  pKNlnird  In  the  orit.inisin  or  ol  ihr  rrl.ilivr  pro 
poltioii'  ol  the  r>'(  uttni/rd  romlioiirnls  rxistinu  ai 
Iiii.ilirrrd  toXU  llllr.itrs  It  1^  concriv  .ihir  ih.it  till-  toxin 
in.iv  hr  .1  smulr.  liMisrlv  homid  riililv,  wliiih  I*  rradlh 
ll.iUinriilrd  In  the  ul.iss  liltr.ltioii  ilsiiallv  riliplovrd  in 
I'ol.ition  priK'rdnrrs  In  .iddition.  the  kiiirtii'  and 
inrrh.inisins  ol  loxiurnrsis  rrni.iiii  lo  hr  rini  idatrd 

I  hrrrlorr,  the  mrih(Kls  used  for  coiicrniralioii,  isolation 
.iiid  pnrilic.ilioii  should  ;i\oid  proccdnrr.s  known  to 
.liter  ( harartrrisiii  s  ol  lahilr  proteins  and  tjivr  hit'll, 
i|n.nililali\r  xirlds  of  all  aetixi*  roniponents  Roth  of 


these  (|nalilications  are  essential  for  (piantitative  evaliia 
lion  of  the  ellieienex  of  a  prtK'ednre  in  terms  of  the  start 
inti  material  Sntli  iiietli(Kls  would  also  make  |K)ssihle 
liasic  Indies  on  the  kinetics  and  mechanisms  of  toxi- 
uenesis  .\  major  ohjeclive  of  work  on  anthrax  toxin  in 
this  labor. I'orx  has  heen  to  flevelop  a  procedure  nieetinti 
these  r<‘(|nirements 

(  )f  several  possible  metlicKls  available  for  concentra¬ 
tion  of  l.iii>e  volmnes  of  eiiltnre  filtrate,  a  simple  iiltra- 
liliralion  metluxl  w.is  chosen  .Small  diameter  dialysis 
tnhinvi  vvas  used  as  the  lilterinti  membrane  in  a  con- 
linnons  How  svstem,  under  neiiative  pressnn'  (ailtiires 
of  the  relalivelv  aviriilent  .StiTiie  (Weybridue)  strain 
were  urow  n  in  the  casamino  acids  m(‘diiim  of  Thorne 
.Old  Belton  lib)  .\fter  a  -*4  hr  incnbation  jx-riod,  bac 
teria  were  removed  bv  millipore  filtration  In  the  ultra 
tilir.ilion  svstem  used  40  bo  liters  of  filtrate  could  be  con 
reniraled  V”*  *'»  1,000  fold  m  4  j  days  with  minimum 
.mention  and  personnel  (“llort  .Ml  detectable  toxic  and 
.intiuenic  .iclivitv  rem. lined  in  the  sac  ’I’he  iiltraTiltrate 
residue,  hereafter  desiitnaied  I'h'R,  vvas  harvested  bv 
“backwasl  ini'"  with  tris  bnll'er  X’ields  of  lethal  activiiv, 
calcnl.ited  on  .1  volume  dilution  basis,  and  m(*an  time  to 
de.iih  III  the  I'ischer  no  n  i  nITats,  averayed  -,(' 

7','.  for  reasons  ,is  vet  miknown,  recoveries  of  edimia 
prcHhieim’  ,ind  mouse  lethal  activiiv  have  been  con 
sistenllv  lower  There  is  some  loss  in  aciiv  itv  of  the  crude 
filtrates  held  al  ('  for  the  lime  |XTi(xi  reipiircd  for  tlie 
iiltralilir.ilion  pnK'essini;  Hovvever,  the  dilTerential  loss 
in  edem.i  iiriKlncini'  .ictiviiv  .md  mouse  lelhalilv  could 
not  be  .icconnted  for  on  this  basis 

Ivleci rophoresis  of  the  I'TR  on  pa|X'r  ,ind  cellulose 
.Kctale  mdic.ited  that  urealesl  resolution  vvas  achieved 
with  the  hii>her  ionic  slrem>th  bulTers  and  liitther  currents 
used  for  pejiiides  rather  than  conditions  optimal  for 
l.iruer  ])ro|eins  When  I  TR  w.is  incubated  at  p")  (h  the 
number  of  protein  s|. 010111;  bands  increaseil  initiallv, 
then  decre.ised.  .liter  4  b  hr,  with  .1  concomitant  increase 
III  mnhvdrin  positive  bands  On  disc  electrophoresis  at 
le.i'l  di  protein  'l.iinini;  bands  witc  observed  in  fresh 
I  TR  preparations  I'pon  incnb.iiion  al  4*)  ('  an  initial 
nicre.ise  in  number,  followed  bv  .1  loss  ol  protein  bands, 
W.IS  .i|so  seen  on  the  di"'  ijels  Biolot;ical  activ  ity  rapidly 
flecre.ised  in  prep.ir.itions  held  at  this  temperature  for 
more  than  b  hr  .ind  w.is  entirely  lost  after  hr.  .‘Ml'ol 
these  ch.mi;es  (K'cnrred  upon  storace  al  4  t'  but  much 
more  slow  Iv . 
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Early  in  tins  work,  a  proteinase,  measurable  by  the 
Azocoll  assay  (8),  was  sliown  to  be  concentrated  in  the 
UFR  and  in  partially  purified  protective  antigen  pre¬ 
pared  by  the  ammonium  sulfate  fractionation  method  of 
Strange  and  Thorne  (15).  Tins  enzyme  is  probably  re¬ 
sponsible  for  the  rapid  degradation  of  preparations  held 
at  4  C  and  above. 

Immunodiffusion  of  longitudinal  .sections  of  the  acryla¬ 
mide  disc  columns  against  antiserum  prepared  by  hyp>er- 
immi'nization  of  a  burro  with  spmre  vaccine  sliowcd  that 
many  of  the  16  bands  shared  common  antigenic  deter¬ 
minants.  At  least  three  components  formed  continuous 
lines  of  immune  precipitate  down  the  length  of  the  disc 
pattern.  The  presence  of  three  or  four  antigen  com¬ 
ponents  identifying  throughout  the  disc  pattern  was  con¬ 
firmed  by  reactitig  transverse  sections  of  the  column 
against  burro  antiserum  in  identity  plates.  These  find¬ 
ings  suggested  that  at  least  three  components  in  UFR 
were  in  various  states  of  polymerization,  were  complex- 
ing  with  other  substances,  or  were  extensively  frag¬ 
mented. 

Initial  chromatography  studies  of  UFR  employed  the 
I)EA£-cellulose-phosphate  buffer  programs  described 
by  Stanley  and  Smith  (14).  Recoveries  of  antigenic  and 
biological  activities  of  UFR  chromatographed  with  this 
procedure  were  very  low  (25-40%)  and  all  fractions 
contained  significant  cross-contamination.  Under  the 
conditions  of  these  experiments,  loss  by  enzymatic  degra¬ 
dation  was  negligible.  It  was  lielieved,  and  later  demon¬ 
strated,  that  the  PO4  ion  is  in  some  manner  detrimental 
to  the  UFR  proteins.  The  heterogeneity  of  UFR  pro¬ 
teins  observed  in  column  fractions  also  suggested  en¬ 
zymatic  degradation,  or  protein -protein  interaction,  or 
both. 

For  further  work  the  development  of  a  chromatog¬ 
raphy  system  specifically  designed  for  this  mixture  of 
proteins  appeared  essential.  It  was  found  that  in  am¬ 
monium  acetate  the  UFR  proteins  retained  their  anti¬ 
genic  and  biological  activities  for  at  least  a  week  at  4  C. 
Both  activities  were  significantly  lost  in  P()|  buffers. 
Since  electrophoresis  had  shown  that  the  mixture  con¬ 
tained  both  strongly  basic  and  strongly  acidic  proteins, 
a  wide-range  elution  sequence  was  required.  It  was  also 
found  that  Ccllex  celluloses  gave  more  uniform  results 
than  the  Eastman  products. 

At  a  ratio  of  16  mg  protcin/g  dry  weight  of  cellulose, 
DEAE-ccllulose  was  equilibrated  with  0.02  m  ammonium 
acetate  at  pH  7.0  and  packed  in  a  column  of  appro¬ 
priate  size  to  yield  a  column  l)cd  of  1:6  diameter-to- 
height  ratio.  Flow  rate  was  adjusted  to  r-1.5  ml/min 
without  pressure.  The  sample  of  UFR,  diluted  1  Ig  with 
distilled  water,  was  applied  and  the  column  was  eluted 
stepwise  with  increasing  molar  concentrations  of  am¬ 
monium  acetate  through  0.5  m.  Vohimes  of  buffer  ap¬ 
plied  and  cliiatc  collected  varied  with  the  size  of  sample 
and  column.  As  a  final  step,  o.  r-0.5  n  NaOH  was  ap¬ 
plied  to  the  colutnn  to  remove  a  chromagen  which  will 
be  discus.scd  in  detail  later.  All  procedures  were  per¬ 
formed  at  4  C.  Protciii  was  measured  by  the  method  of 


Fio.  I.  ChrotnntoKrnphy  of  i  ml  UFR  (719  Xi  on  DE.Mv 
cellulose  eluted  with  ammonium  acetate  buffer  Rradirnt.  pit  7.0 

Lowry  (6)  and  antigen  activity  was  determined  by 
Ouchterlony's  method  (9)  with  the  standard  burro  anti¬ 
serum  or  the  antisera  of  rabbits  immunized  witli  I'FK 
with  complete  Freund’s  adjuvant. 

Although  rat  lethality  of  LF-III  is  usually  tt'sled  by 
recombination  with  an  optimal  numlfer  of  units  of  par¬ 
tially  purified  PA-II  (determined  by  titratioit’,  this 
method  does  not  neces.sarily  reflect  combining  propor¬ 
tions  present  in  UFR  or  crude  filtrates.  Therefore,  bio¬ 
logical  activity  was  measured  by  reconstitution,  instead 
of  recombination.  , 

Figure  i  is  a  typical  chromatogram  of  i  ml  of  a  719  X 
concentrated  UFR.  The  total  volume  of  column  eluati" 
diluted  the  .sample  to  4.65  X  concentration  Alirumts  of 
0.1  ml  from  each  tube  were  combined  and  i  ml  of  the 
mixture  injected  into  each  of  three  rats.  Averaite  time  to 
death  was  compared  with  that  of  animals  challenged  with 
the  original  UFR  diluted  to  4.05  X  concentration  and 
the  total  recovery  from  the  column  was  calculat'  d  in 
terms  of  the  starting  material.  From  these  columns  pro 
tein  recoveries  averaged  loo'i  and  rat  lethal  activity 
recovery  averaged  80  85'’.' 

If  it  is  assumed  that  each  (xrak  is  a  discrete  component, 
the  volume  of  each  peak  could  be  diluted  to  4.(i-,  X  con 
centration  for  testing  alone,  or  any  cotnbination  of  |x‘aks 
could  lx*  tested  at  the  same  dilution.  Thus,  s|x‘rific  rat 
lethal  activity  could  lx*  located  and  related  (|uantita 
tivcly  to  the  starting  material.  Frequently,  combination 
of  active  fractions  has  had  slightly  higher  activity  than 
the  whole  column,  suggesting  an  inhibitor  which  has  not 
Ixren  further  explored.  S 

In  the  chromatogram  shown  in  Fig.  1,  |K*ak  i  is  a 
basic  jxjlypcptidc  which  was  weakly  antigenic  with  anti 
sera  of  rabbits  immunized  with  UFR  but  did  not  n*aci 
with  the  burro  .spori?  antiserum.  It  contained  weak  EF-I 
activity  when  combined  with  the  PA-II  peak.  Peaks  2,  {, 

5,  6,  and  8  contained  no  biological  activity  related  to 
toxicity  and  were  too  weakly  antigenic  to  In*  identified 
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Hfi-  2.  (’hioiiiiUot?r.»|jhy  oi  2  jilrrs  crudf  culture  tWir  ttt'  on 
I)!,AI’-(  cMuiov'  Hutrci  with  .inniujiuuin  atrtau*  buffrr 
pU  ,-.o. 


{Vak  4  coniaiiifcl  of  the  FA-11  coni}X)iK‘nt  and 
was  Ijiolosjicalls  iiiacti\<-  alone  lii  reaciioiis  ssith  Ijiirro 
anuseriiiii  it  |jre.sfnted  one  snonti  and  one  weak  ainifi<-n 
band  On  disc  electruphuresis.  this  fraction  showed  a 
struni;  split  band,  reiniiiisceiit  of  (^i  and  fractions  of 
Siiansic  and  Tliornc  { i  ji  AiKxJic  to  the  main  band  was 
a  weaker  fjand  and  a  chr(JMtai;en  band  ('lii  tfinaioitraphs 
of  peak  4  t!iront>h  I’d  fl'F.t  H.A  eelli;los<‘  with  acetate 
hnllers  remoced  the  weak  band  and  some  cliromaaen. 
'I'!''’  PA  |]  pifxliict  nave  a  siiittie  antiuen  band  with  all 
antisera  imd  only  the  strum:  split  Itand  on  disc  eli'Ctro- 
phuresis  KnrtlnT  pnrils  stuflies  are  not  complete  The 
frai  tion  nia\  still  contain  oilier  materials  not  seen  in  this 
dilnti'd  Slate 

Peak  7  coiitainetl  all  of  the  I.F  III  iietisits  and  some 
PA  11  b\  antitten  aiiahsis  It  was  letluil  to  rats  only  wlien 
romliinetl  with  [K-ak  4  1  >isc  electrophoresis  showed  one 
niai‘tr  band  vsitli  tlire«-  or  four  minor  ones  Ifoimd  PA  II 
could  be  rennnetl  b-.  thiuiioii  and  passaue  thronuh  the 
saiiK'  eulunm  ssstem.  When  this  jreak  was  tliromaio 
maplied  on  an  |•-(•^|■d  Jl -A  cellulose  eoluimi,  tile  LF  111 
priKluet  eluted  b\  o  7  M  butfer  i;a\e  a  sintile  anliiten  band 
with  burro  or  tabhn  antisera  and  tiise  electroplioresis  of 
tie-  Iraetioii  showed  one  simiii;  band  and  a  weak  el.ru 
1.1, mi'll  eoiitammaiit  Fnrtlier  aiials'is  lor  ])uril\  has  not 
been  eomph'lerl 

1  lie  chromato”rapli'.  metiiixi  tiescribed  was  also 
applicable  to  tosie  whole  etude  enlture  filtrates  Tlie 
lilirate  was  diluted  1  :tt  with  distilleri  water  .mci  applied 
to  the  eulunm  Fraeliuiis  wi-re  eluted  Iruiii  the  eoliiimi 
lu  the  same  liulh  r  |)ro!;r.iiiis  and  were  esalualed  In  llie 
reronstitutioii  inelluKl  described 

Fmnre  j  is  .1  ehrom.tlocram  ol  1  liter  ol  crude  (titrate 
There  \ser<'  sirikum  similarities  10  ilie  ITK  ur.ipli  The 
tiasie  |)ol\ |H'pti(le  was  seen  m  |>eak  1,  the  larce  |>eak  ", 
<  (iinaiiied  PA  II ,  and  the  larue  [K'ak  c,  eoiiiained  I. F  ill 
Unt,  there  \sere  also  smmh.eam  dillerence-.  !.l  1  m  i^ood 


yield  seas  found  in  the  same  fraction  as  PA  11  in  jx'ak  7 
and  jreak  9  contained  only  IT-lll  actisity  The  PA  II 
in  {K’ak  5  canid  he  further  resohed  on  ECT  EOLA- 
celhiioso  columns  The  nonantigenic,  biologically  inae 
live  C‘  ’taiiiiiiaiits  in  (xak  9,  desccud  iry  disc  ek'Ctro- 
{diorcsis,  coiiid  also  i>e  remosed  by  rcchromatography. 
Protein  recoveries  from  crude  filtrates  avcr,aged  sfc 
0.6  mg  liter,  excluding  the  chroniagcn  eluted  by  NaOH. 
Tola!  biological  activity  recoveries,  calculated  as  rat 
iethaiity,  were  approximately  87' < . 

In  ijiiter  antigen  wells  in,  microiinnuinoclectro 
phoresis,  at  least  i  02  xg  PAT!  and  0.97  LF’-ill 
could  be  detected  vsith  the  use  of  the  standard  burro 
antiserum.  Two  milliliters  of  crude  filtrate,  which  killed 
rats  in  74  min,  contained  17.4  PA-Il  and  b-48  fig 
LF  111,  a  ratio  of  alxxii  4  to  i . 

1  lie  I  FR  pre(jdrative  protediire  recusered  approxi¬ 
mately  II  mg  [irotein  liter  or  44  4''  of  the  protein  in 
the  crude  filtrate  (excluding  chromageni.  Chrurnatog- 
ra[)liy  of  tlie  biologically  iiiactise  dialysis  filtrate  remain¬ 
ing  after  LT'R  harvest  vieldcd  17.7  mg  protein  liter 
(excluding  chromagen  j>rotcin)  01  jj'  <  which  accoimted 
for  the  {>roteiu  apparently  lost  in  tiic  ultrafiltr.atioti 
()rt.)ccdure 

A  dialysis  filtrate  chromatogram  [ircsentcd  the  same 
outline  of  [x-aks  as  that  of  the  L'F'R  or  crude  filtrate, 
<‘xcept  for  the  complete  absence  of  protein  in  the  P.\1I 
(K-ak  area  None  of  (he  dialysis  filtrate  {jroteins  had 
detectable  antigenic  or  iiiologica!  activits.  This  filtrate 
apjjarentU  contains  a  large  pro|x>rtioii  of  the  low 
uioiccuiar  sveigl.t  proteins  or  [.K’ptidcs  synthesized.  The 
reiationsliij  o!  diese  dialyzahlc  componcnls  to  tlicwe 
wiiicli  are  ;  .'.I'b.ily/alile  but  have  similar  chromato¬ 
graphic  chai  ,K  K  ristits  has  not  set  In’cn  explored 

Not  shown  in  Figs  1  and  i  and  extending  Ix’vond 
{H-aks  eluted  l>\  o  ",  si  acetate  biilTcr,  is  the  peak  of  the 
cliromageo  mentioned  e.irlicr  Tliis  material  could  not 
be  i-liiied  h\  iiicre.ising  biifTer  coneeutration.s  to  i.o  m 
or  lowering  pH  to  4  or  lioth,  but  could  Im-  ifmoved  with 
(1  I  o  ",  \  .N'.it  )H  This  jjroiein  (jeak  had  more  than  twice 
the  area  of  tlie  others  and  rejjresented  at  least  40' 1  of 
the  {(loteiii  of  s.iiupli’s  of  I’F'R.  crude  filtrate,  or  diaivsis 
tiltr.itc  Fhe  substance  existed  both  in  a  dialyzahlc  form 
.lud  in  a  sei|ueiKe  ot  aggregates  u|2  to  s  isiblc  [)rcci()itales 
III  UK  or  lillr.Mes  The  (jroieiii  complex  was  nonaiui- 
geiiie  .nui  biolog'ealls  iiiactisc,  sliosved  a  strong  ultra- 
\  inlet  alisorptiuu  .it  2(111  ni^.  had  an  i.six’lectric  |>oint  at 
pH  (  H,  anti  tli.ssiK  laleit  into  a  free  chromoiiliore  group 
.iikI  Irs’e  .ipoproteiii  below  tliat  {)H 

This  materi.il  si-eined  to  Im-  made  u|)  of  {xotcin  hound 
mtermedi.nes  ol  melanin  lormed  in  culture  filtrates, 
dnilssis  tiltr.itcs,  and  I  F  R  on  standing  Alkaline  hy- 
drolssis  ol  ,1  T1  K  sicldeii  an  ether  soluble  comiKiund 
wnii  strong  ultraviolet  absorption  at  2(10  iii^  which 
liirnetl  jiink  on  oxitbitioii  anti  w.is  identical  with  tlic 
proliK'ali'cliuic  acid  first  reported  h\  (diao  et  al  (4I. 
I'his  dilisdro<|nmone  is  jirohahiv  the  [irecursor  (or  the 
mel.iuin  iutermetliates 

I  lie  eliruiii.igen  eoMijiie-s,  wineii  e  ,i  iii>tipiiiou'>  v  iin- 
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laiHHiant  in  ccdumii  fractions,  is  in  a  ingiiiv  kiisctic  asi- 
datioii -reduction  state,  is  higiiiy  acidic,  readily  f>oh- 
inerizcs,  and  combities  strongly  with  amine  groups  and 
celUdase.  Its  relationship  to  or  effects  upon  other  pre- 
teii.s  in  tiic  toxic  filtrates  are  as  yet  tinknown  Since  the 
chroinagcn  or  its  chrontophore  group  was  shown  to  lx* 
capable  of  C.s**  chelation,  this  substance  inav  Ix"  re¬ 
sponsible  for  the  ultraviolet  af>sorbine,  chelating  ac¬ 
tivity  in  EF-i  preparations  descrifx’d  by  Staniev  and 
Smith  (14). 

Tlic  application  of  the  chromatograpfiic  procedure  to 
studies  ol  the  kinetics  <rf  toxigencsis  has  been  initiated 
only  recently,  the  results  are  still  verv  prcliiuinary . 
Single  chromatograna  of  !2-,  16-,  and  48-hr  culture 
filtrates  have  been  compared  in  peak  Itxration,  yield,  and 
activ  ity  to  the  staticiard  a4-!tr  filtrate  cb.roiiiatograiiES-  In 
the  chromatogram  of  the  biologically  inactive  j2-lir 
culture  filtrate,  early  synthesis  of  basic  protein,  PA-Il, 
and  chroinagett  were  seen,  but  no  LF-Hl  was  detected. 
The  chromatogram  of  the  fully  active  i6-hr  fii  rate  pre¬ 
sented  a  confusing,  but  highly  stiggestite  and  interesting 
picture.  Basic  protein,  PA  11,  and  chroinagcn  liad  in- 
crca.sed  in  quantity  and  a  large  peak  in  the  LF-III  area 
was  well  deveiojx;d  However,  antigenic  activity  was 
found  in  otlicr  areas  of  the  graph  and  the  LF-lII  protein 
area  was  biologically  inactive  in  ail  combinations  with 
PA-Il  from  the  same  preparation  or  othcre  known  to  lie 
fully  active.  The  chromatogram  of  the  nontoxic  48-hr 
filtrate  showed  extensive  fragmentation  of  P.^-H  with 
antigenic  activity  in  several  peaks. 

To  continue  meaningful  studies  of  kinetics  of  produc¬ 
tion,  more  rapid  preparation  of  larger  tjuantitics  of  the 
purified  fractions  is  neces.sary.  A  preliminary  irvcy  of 
application  of  the  chromatographic  prtxredure  to  batch 
preparations  has  Ix'cn  made.  The  dry  l)F..-\E-ceilulose 
was  stirred  in  the  diluted  crude  culture  filtrate  overnigiit. 

column  packed  with  tiiis  material  was  eluted  with  tlic 
stepwise  sequence  of  butferi.  It  was  found  that  the  active 
fractions  could  lx  obtained  from  crude  Riirate.s  within  ;jt) 
hr  by  tliis  method  in  yields  comparable  to  liiose  olitained 
with  the  standard  chromatograplry  procedure.  T.-ic  full 
capacities  of  the  system  are  still  under  investigation. 

In  siumnary,  an  ellicicnt  prcjiaratiec  column  chro- 
inatograpiry  procedure  was  de\cioped  wliicli  was  adapt 
able  to  I.  FK,  crude  filtrates,  or  hatch  collection.  N’ields 
of  8t)  83 'i  of  the  initial  biological  acti\  it\  were  obtained 
in  the  fractions  studied  The  P.^-Il  and  Fl  -IIl  fractions 
prepareti  by  tuts  method  apjx-ared  to  be  pun-  In  im- 
mnnochemical  analysis  and  disc  electropiioresis,  l)iit 
tli(‘\  must  be  suh|ccted  to  furtlier  analsses  in  order  to 
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meet  the  stiniditrd  criteria  o!  piuiiy.  The  EF  I  lias  been 
recorded  only  (pialitatively  in  this  prcM-ntatioii.  A  similar 
rjuantitatit c  anabsis  for  tln.s  substance  by  cliromatog 
rapliv  requires  a  more  precise  hioassay  procedure. 

Free  ejinunophore  groups,  seen  in  the  dialysis  filtrate, 
inav  ix*  syntiiesized  in  excess  of  the  protein  moiety  of  the 
chroinogeii  comjXinent,  .Since  the  diioinngen  and  its 
cliromopliore  are  activeiv  aggregating  substances,  tlsey 
mav  act  as  absorption  centers  for  other  proteins  and  this 
Capability  may  account  for  citron lagen  confaminatiou  in 
diroinatographic  fractions  Fhe  mfincncc-  of  rhromagen 
tijxin  the  pftysicochcmicai  behavior  of  tho.w  proteins  i.s 
■lot  known. 

The  presence  ot'  considerable  amounts  of  a  basic  poiy 
jx'ptidc  it!  thf-se  cnltnre  filtrates  luigiit  coiitiilrute  to 
acgregaiioii  wiiii  the  more  acidic  rhi(>iii.sgen  or  LF-III 
piotein  While  tltis  aggrcgalisri  might  contriftsUe  to  tiiat 
oh:,er\cd  in  nitracentrifngal  fractions  (2 1,  it  apparenth 
Uues  .tot  exert  a  significant  effect  Ujxm  column  fractions 
Kom  l)t..\E  ceiiultrsc  Tfie  basic  protein  is  readily  dis 
sociated  from  acidic  proteins  by  the  ion  e.Nchange  jsro 
ecu  1 1  re 

In  none  oi  the  preparations  studied  has  there  Ik-cii  eti 
deuce  to  indicate  that  the  components  resjxjiisihU-  for 
lethality  in  the  rat  exist  as  a  single  chemical  eiuits  Tl-e 
preliminary  studies  on  the  kinetics  t>f  lo.xigenesis  suggest 
that  tliey  are  .symhe.  i/.eu  at  different  rates  in  \  itro.  Tlte 
dissociation  of  I.F  111  acti'  i’y  from  tlie  protein  ('luted  i)y 
0.3  M  acetate  in  diwmatograpliy  of  Iwitli  the  noiuoxic 
dialysis  filtrate  and  the  fully  ttixie  ih-hr  culture  filtrates 
suggests  a  kinetic  extraeellnlar  asv-mbly  to  yield  tlic  pro 
tein  peak  witli  Inii  I,F  HI  activity  at  24  hr  'Fiiis  olisi-rv .i 
tion  maki’S  it  n'liipiing  t<2  sjx'cnlate  that  the  protein  m.iy 
serve  as  an  inert  cairier  for  a  small,  toxic  hapten  The 
work  of  .\.  I  (iaspar  (unpublished  daiai  .nid  .\Ioln.ir 
and  .-Mtf'nlw’ni  (7)  demonstrated  that  sep.ir.ne  injections 
of  F.A-Il  and  !.F  Hi  ivviihin  t  .4  hr  dejx-ndiug  iijxm 
which  was  given  firsi  1  were  iuilv  lethal  tor  the  r.u  Tht  re 
is  the  suggestion,  tiien,  tfial  these  two  ci.-niponents  .ict 
seejnentialiv ,  rather  than  in  combmatitiu,  in  this  sp<-nes 
The  sum  total  of  all  oi  ilie  abine  oiis<-r\ .ituiiis  provides 
basis  for  further  -.|K‘Ciilalion  and  the  hvputhesix  tiuit 
activates  some  iiiedianisin  (posMtib  en/\  m.itit  ' 
in  tlie  rat  whirli  acts  to  release  a  to\K  hajiteu  from  us 
protein  carrii-r  I'lie  requirement  lor  a  ( outi  ibution  bv 
the  host  of  soiiie  f.ictor  essential  loi  full  toxii  .kuvuv  is 
compatible  with  iht-  olisi-rved  diffen-iuc'  111  revpoiee  to 
toxin  in  diflereiit  s|K-eies  oi  test  .miiuab 
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